Abstract: A single highly cited article can give a big but temporary lift in its host journal's impact factor evidenced by the striking example of "A short history of SHELX" published in Acta Crystallographica Section A. By using Journal Citation Reports and Web of Science's citation analysis tool, we find a more general and continuous form of this phenomenon in the Particle Physics field. The highly-cited "Review of Particle Physics" series have been published in one of the major Particle Physics journals biennially. This study analyses the effect of these articles on the Impact Factor (IF) of the host journals. The results show that the publication of Review of Particle Physics articles has a direct effect of lifting the IF of its host journal. However the effect on the IF varies according to whether the host journal already has a relatively high or low IF, and the number of articles that it publishes. The impact of these highly cited articles clearly demonstrates the limitations of journal impact factor, and endorses the need to use it more wisely when deciding where to publish and how to evaluate the relative impact of a journal.
Introduction
The Journal Impact Factor (JIF) was devised by Irving H. Sher and Eugene Garfield to help evaluate and select journals (Garfield, 2006) . Although the JIF was originally used as a tool to help librarians purchase journals (Garfield, 1972) , this indicator has been widely used and discussed in research and researcher related evaluation (Liu, Hu, & Gu, 2016; Tang, 2013; Waltman, 2016) . JIF as one of the most important indicators of a journal's quality/impact has attracted wide attention from scientists, journal editors to publishers (Martin, 2016) . Meanwhile, increasing efforts have focused on the undue and inappropriate use of JIF in research and researcher related evaluation (Alberts, 2013; Bornmann, Marx, Gasparyan, & Kitas, 2012; Hicks, Wouters, Waltman, de Rijcke, & Rafols, 2015; Lariviere et al., 2016) . One of the main deficiencies of the JIF is that the calculation of JIF is based on the arithmetic mean of a highly skewed distribution of citations (Bornmann & Leydesdorff, 2017; Lariviere et al., 2016) .
A few very highly cited papers can boost the host journal's JIF due to the arithmetic mean calculation of JIF. An extreme example is the publishing of "A short history of SHELX" in Acta Crystallographica Section A (Sheldrick, 2008) . According to the Web of Science, this paper has been cited more than 53,000 times and is one of the top 10 most cited papers in Web of Science.
This single highly cited paper gave a big but temporary lift to its host journal's impact factor (Dimitrov, Kaveri, & Bayry, 2010; Foo, 2013; Krauskopf, 2013) . More specifically, the JIF of Acta Crystallographica Section A skyrocketed from 2.051 in 2008 to 49.926 in 2009 and stayed at 54.333 in 2010, but dropped to 2.076 in 2011. This striking example demonstrates a single paper's dramatic but temporary role in lifting the host journal's impact factor which may further bias the whole citation-based evaluation system. However, the "A short history of SHELX" phenomenon is not alone and this phenomenon can be demonstrated by the "Review of Particle Physics" (RPP) series in the Particle Physics field.
The very highly cited RPP series provide "a compendium of experimental data and reviews put out by the Particle Data Group" (Brooks, 2007) . The summaries are published biennially in one of the major journals in Particle Physics (Particle Data Group, 2016) . Since the RPP series have been published in different journals in recent years, a deep investigation on their effect of JIF can provide a more general and comprehensive view of the "A short history of SHELX" phenomenon.
Data and method
The Journal Impact Factor is defined as "all citations to the journal in the current JCR year to items published in the previous two years, divided by the total number of scholarly items (these comprise articles, reviews, and proceedings papers) published in the journal in the previous two years" (Clarivate Analytics, 2016) . For example, journal A's 2015 impact factor can be calculated by the following equation (1) In this study, we want to probe the lifting effect of "RPP" on the host journal's impact factor. We recalculated the impact factor by excluding the citations attracted by this highly cited review as shown in equation (2). Accordingly, this review was also be excluded from the counting of the number of scholarly items. 2016 are selected for this study. Each journal has published two of these eight reviews. These four journals have different levels of impact factor and publishing volume and are also published by four different publishers. These journal level characteristics provide an opportunity to probe the lifting effect of a single highly cited paper on the host journal's impact factor. Table 1 provides the detailed information of these eight recently published reviews. The four All these RPPs have been cited more than 2,000 times except the latest one published in 2016 which has had limited time to attract citations. A large proportion of the total citations of the RPPs occurs in the 2nd and 3rd year after publishing, and so may have a significant effect on the host journal's impact factor.
The numbers of citations of each RPP received during the second and third year after publishing are relatively stable as shown in Table 1 . In order to probe the lifting effect of RPP on host journal's impact factor, the host journal's actual impact factor and publishing volume should also be considered. In the following sections, we try to probe the lifting effect on impact factor of four host journals respectively.
[ INSERT TABLE 1 . The JIF percentiles of this journal during all the study period were always higher than 70%, that is to say, this journal was almost always a Quartile 1 (Q1) journal. This journal also has a large yearly publishing volume of 2,000 or more citable items (i.e., articles and reviews) every year. To sum up, the Physical Review D is a journal with high impact factor and large yearly publishing volume. higher than its values of adjusted impact factor in these years from both absolute and relative perspectives. As anticipated, a single highly cited paper's lifting effect on the host journal's impact factor was diluted by the host journal's high impact factor and large yearly publishing volume. Therefore the "Review of Particle Physics" effect on this type of journal with high impact factor and large annual publishing volume is not that remarkable from both absolute and relative perspectives.
[INSERT FIGURE 1 HERE]

Physics Letters B: high IF, medium publishing volume
Another two RPP papers were published in Physics Letters B in 2004 and 2008 respectively (Amsler et al., 2008; Eidelman et al., 2004) . Similar to Physical Review D, Physics Letters B is also a high impact factor journal. According to Journal Citation Reports, this journal is a Quartile 1 (Q1) journal during the whole study period. However, this journal only publishes about 1,000 citable items (i.e., articles and reviews) annually, which is much lower than the annual publishing volume of the previous Physical Review D. (Olive et al., 2014; Patrignani et al., 2016) . This journal's current title was changed from "High Energy Physics and Nuclear Physics-Chinese Edition" in 2008.
According to Journal Citation Reports, both these two titles suffered from low impact factor before 2013. These two titles were always Quartile 4 (Q4) journals in both Physics, Nuclear and Physics, Particles & Fields categories before 2013. Although the Chinese Physics C was a low impact factor journal, this journal has successfully bid on publishing the RPP (Barnett, 2014) . Apart from having enough funding for publishing, the choice of a Chinese journal to publish this classical review may partly due to the rapid rising of China's scientific research (Liu, Hu, Tang, & Wang, 2015; Zhou & Leydesdorff, 2006) and growing global interests in China (Liu, Tang, Gu, & Hu, 2015) . Apart from low impact factor, only about 200 citable items are published by this journal annually. That is to say, Chinese Physics C is a small size and low impact factor journal. impact factor is due to this journal's low impact factor and small yearly publishing volume.
Since two latest reviews were published in this specific journal in 2014 and 2016 respectively, this journal's impact factor will very likely maintain high level in the following three years. That is to say, we can predict that this journal's impact factors in 2015, 2016, and 2017 are very likely to be high.
[INSERT FIGURE 4 HERE]
Conclusion
By using the Journal Citation Reports and Web of Science's citation analysis tool, this study finds the existence of a "Review of Particle Physics" phenomenon in the Particle Physics field which is a more general and continuous form of the "A short history of SHELX" phenomenon in Acta Crystallographica Section A. A single highly cited article can lift its host journal's impact factor temporarily. However, the lifting effect on JIF is influenced by the host journal's impact factor and yearly publishing volume. The JIFs of high impact factor and large size journals can only be influenced by the RPP effect marginally. However, low impact factor and small size journals' impact factors can be lifted greatly from both absolute and relative perspectives. The "A short history of SHELX" phenomenon belongs to this case. This unique case study gives us a real-world example about the limitations of JIF once again (Amin & Mabe, 2000; Bornmann, 2017; Lariviere et al., 2016; Liu, Liu, Zuo & Zhu, 2017) . The citation distribution for articles in a specific journal may be highly skewed. Any journal which gets the opportunity to publish the "Review of Particle Physics" can get a big or small, but temporary, lift in its impact factor as a by-product. Since the effect of RPP is temporary, a researcher who seeks to publish in a high JIF journal may submit a manuscript to a host journal when its JIF is at its temporarily high point, however, the manuscript may be published when this journal's JIF returns to normal. Similarly, the opposite situation may also happen.
The wide use of JIF in research and researcher evaluation has become a big concern for many stakeholders. However, the phenomenon found in this study demonstrates the ability to distort this journal-based metric. Although JIF is a quite useful indicator and the cases mentioned in this study are also special, this widely used indicator should be used more wisely especially in Particle Physics field. The JIF may be used with other indicators such as geometric journal impact factors (Thelwall & Fairclough, 2015) and H index (Liu, 2017) . Table 1 
